It is found that the invariance with respect to charge conjugation and charge symmetry combined leads to selection rules, additional to those following from covariance and gauge invariance arguments. Besides rigorous selection rules which hold for certain processes involving neutral particles (mesons and photons} only, there exist weak selection rules according to which certain boson-boson transitions are less probable by a factor e'/kc than the corresponding transitions in which an additional photon is emitted. The physical contents of these rules is of course intimately connected with the fact that nucleons with v or t coupling to an external field are subjected to a force equal and opposite to the one for antinucleons, 6 The usual couplings are considered in which one meson occurs per vertex.
rigorous selection rules which hold for certain processes involving neutral particles (mesons and photons} only, there exist weak selection rules according to which certain boson-boson transitions are less probable by a factor e'/kc than the corresponding transitions in which an additional photon is emitted. The rules are stated in Sec, III, and some examples are given.
I. I-NTRODUCTION 'HE existence of at least two bosons heavier than the 7r-meson (" heavy bosons") seems to be reasonably well established by recent cosmic-ray observations. They are: the 7-meson, a particle with unit charge decaying into three charged 7r-mesons and the "light Vo" particle, a neutral object presumably undergoing decay into a pair of oppositely charged x's. '
In the present unsatisfactory state of the theory of particles and, fields, the safest way of approach to the study of the interrelations of these and other particles is surt;ly to ask how much we can learn about, say, the decay of heavy bosons with as little use as is possible of field theoretical details. This means that in first instance one tries to find some order among various d, ecay schemes by means of the sole use of conservation laws (of energy, momentum, angular momentum, and parity) and of additional invariance considerations, e.g. , gauge invariance. In quantum electrodynamics we have a further symmetry property at our disposal, namely, the one between positive and negative electric charges. It has been shown by Furry' that this symmetry can be expressed as an invariance property of the theory with respect to charge conjugation, a concept first introduced by Kramers. 4 Furry's theorem, is very useful in two (obviously related) respects: erst, it establishes certain absolute selection rules. Second, ly, it implies that, in the calculation in some given order of perturbation theory of a matrix element for some particular process, certain "graphs" give no contribution.
These are the well-known closed loops consisting of an odd number of electron lines (or charged boson lines).
In their analysis of the 7--meson decay, Fukuda and Miyamoto' found that certain graphs in the expansion of the S-matrix in meson theory give vanishing contri-' C. F. Powell et al. , Phil. Mag. 42, 1040 (1951 .
2 See references 2-11 in A. Pais, Phys. Rev. 86, 663 (1952) , for a list of the experimental papers on V-decay. More recently, another particle decaying into a pair of charged~-mesons has tentatively been identified by Danysz, Lock, and Yekutieli, Nature 169, 364 (1952 "S, (6) and the corresponding transformation of C is (apart from an irrelevant phase factor) C'= SCSw hence C'rC' '= CrC '. Thus, P can be determined by explicitly constructing C in a special representation and one finds P= -1:
C~C '= -2.
Considering Eq. (7) 5(x) = Ly"a(8x, -m]A(x), where 6 is either a solution of ( -m')6=0 or of ( -m')6= -5(x). If 6( -x) =eh(x), a=&1, the cor- In addition, we shall assume L to be invariant with respect to T. This implies:
(1) Neutral fields transforming like Eqs. (11) and (12) are coupled to nucleons exclusively via r&3» 1, respectively.
(2) The electromagnetic field does not satisfy this requirement. Provisorily we omit it from our considerations. It is reincluded in subsection (b) below.
We now investigate various decay processes.
A. Boson-Boson Transitions (photons excluded)
Consider the S-matrix element for a given transition in which the fi.elds representing the initial and the final particles are p, pb, @". S is then generally of the form 5= )
where E is a complicated kernel involving implicitly the occurrence of all possible transitory nucleons and mesons. L is invariant under C and T and, thus, also under CT. S is also invariant under CT but, in general, not under C and T separately. For if in a process charged external bosons are involved, the application of C to S would lead us from the given process to one in which all these bosons now have opposite charge, i.e. , we now have in general to do with another process. Thus we have further to distinguish two cases: (14) is forbidden. Likewise B"" -+))+re. (15) is forbidden if the 8P field is of the P(p) tyPe.
Note: the forbiddenness of processes (14) and (15) The proof is immediate from the application of T separately to S which is now legitimate.
Examples: the following two processes are forbidden
This is true whether m' is described by a @~3) or by a $&p) 6eld.
B. Boson-Boson Transitions, Photons Included
Now only the C-invariance is strictly enforced. By Examples: (1) The 2 y-decay of a neutral vector meson is rigorously forbidden, as 6rst noted by Sakata and, Tanikawa. '7 (2) The 37-decay of a neutral pn meson with Pv coupling is rigorously forbidden;" (the 2y-decay is forbidden for parity reasons).
It is now also necessary to review the processes which according to (I) (14)- (17):
Transitions (14) asd (15) decay. An example is given in reference 2, Sec. V. Thus, for these processes the remarkable inversion occurs that the transition with an additional photon is favored to that without one. Hence, in as far as one can make qualitative statements concerning a theory fraught with divergences, one may say that for processes (14) and (15) Fig. 3(a) for the process (17).
Its contribution vanishes according to (II) . Consider next the higher order graph drawn in Fig. 3(b) , where 12 and 34 denote charged ps mesons. Now rule (I}has to be applied to the triangle as well as to the square, but neither yield a factor zero. The zero actually comes from the combination of the graph of Fig. 3(b) with one in which the charges along 12 hnd 34 have been interchanged. It is just for such reasons that we felt the need of a derivation in which no such subtleties are needed.
In reference 20, Tables II and III, some processes stated to be forbidden by Furry's theorem should be reinterpreted using the discussion on weak selection rules given above. In the present paper Fermi interactions have not been considered. A further selection rule pertaining to this case and of interest for processes like~-p decay has been given by Michel, reference 20, p. 144. This is readily shown also to be a weak selection rule.
